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ABSORBENT POLYMERS HAVING A REDUCED CAKING TENDENCY 

^ ^ This invention relates to: absorbent polymers 

&hose particles have a reduced tendency to agglomerate in 
humid environments and/or form dust, a process for the 
preparation of such polymers, and absorbent articles- 
prepared^theref rom . 

Absorbent, that is, water-swellabie. polymers 
are generally prepared by gel polymerization of a mixture 
of monomers in aqueous solution. Certain additives, such 
as cross linking agents, may be incorporated into the 
monomer mixture-- The product- of the polymerization 
process is then typical \y dried- and subjected to a 
mechanic a, neaaa, or particle- size reduction. 

The aosorbent polymers are especially=usef ill in 
many Types of persnr. rt ] care devices such as dialers , *adul c 
mrocuneat articles: sawtary n^pKins. and medi'eaS? 
Jev;ce^ 4 because of the;x ability to readily absorb oodily 
Uuid. -U&torcunat^iy. th<? absorbenr polymers aicc absorb 
w-jter * rom. tho air and w^eo. exposed to huir;3 environment? 
iav water swelAaole ?o«H*e*_part:zr less '.end to stick 
•°^ fafi -'- .that is. uoafccmeratje or- catae. and disc tend to 
-u:k o^ddner^ pr^regai^ eouipmer.t 7 hi::; tho 
L i *?>c£,pa*t;rl*-; uf-- n<~** jtovinn . that i:.. r.av~ t 

thr polymer particles are not tree- flowing 
sen*, a tow problems. One^problem is that the 
c.fficj.* zo incorporate into personal care 
the- reduced- Qovability hmaers the 
•rafcutior* particc^es witiun an absorbent 
--fii-w*. c **£$^ • Another problem ste*» f ror- the tendency of the 
-ft.: PAtticies, to. stick, to «och otner and- to the manufacturing 
^ - ^ <*nct |>roc^ssing eqmpiren-. that is. screens; dryers, 

**ter-*..or fabricating machinery Production is often 
hindered because th«? equipment must be cleaned 
periodically . to renov* ch« agglomerated part icies Ye: 
anotner problem associated with water-swellabie pclyner 

i 
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particles that tend to agglomerate is that if the polymer 
particles have absorbed some water already then the water - 
•wiling capacity for the personal care devices containing 
smid polymer particles may be reduced. 

One way in which the caking tendencies of 
absorbent polymers have been reduced is by blending finely 
divided silica or fumed silica with the absorbent polymer 
particles. See. for example. U.S. Patent 4; 734, 4-78 which 
mixes CO! co 10 parts by weight of finely divided silica 
witlv 10a parts oy weight of the water absorbent polymer 
and WO 94 /-2 2940 which blends- less than 10 percent by 
weight fumed silica with the water absorbent polymer 
Unfortunately, ever, though the caking tendency of the 
polymer particles, may be reduced, both types of silica are 

low bu*k density solids arc tend to add dust into the^ 

1 

env; rorjnent . ^ 

Other compound* have bee$ employed to reduce* the 
ad**;; ; or. ender. ry of absorbent p^ly&f particles. Among 
:nesc ar« nottwric or .inionir rur f aetancs . Se*» £ 
S^entv^. »0%2 uti 1 tae? ehe aoove surfactants in -.he 
Ut^ti^njci^ ot*. a ^crosfflxnlf&frie Softer 'to dimnisr; the 
rtUbesrotv >fc the hydrous pc-iyaier to the polymer : rat ion 
vous*l TnoM tttrfjffum..v«a> indeed- reduce th- .*chc; io;. 
r^Jwr^ of th* pot^Hr t> surfactants <*is- roducr 

T.*- ijrtc»> tension cf .t ^o:;ta-r* 1:13 f.uid in <?qui I it: 1 jn 
wl 5iLifi£- Rolywcr This i~ -nt -«rr-riate ir- chat tr.e uurtact- 
contactmo fluid x.; us*d <t nea^jre ot 
wacer-swel lab.** ;>v-iyners. 




"tat«? tension -of th^ contacting f;u.d :r. 
Xm .ud a*r a neacur**- r^f performance because 
jMtM?«ivtl la&l* polyw*rs which exhibit a higher curiae* 
. tmnaioxi: general .y tend -or -wiefc- better, that is. :ne 
potyne* ^f*nspor;s aqueous- fluids capillary flow more 
*ff»ci«aci7 and no Ids the fluids more strongly. Ac 
disclosed in U S Patent 5 ; . "11 . wickzng ir very 
:rr port ant tot aosorben? dev.ces such as diapers or 
:<Ki;:a:v ^rt^c.es Tt*» ef tec? surface tension or. 
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capillary flow and capillary pressure is described more 
fully by the Lucas-Washburn equation as discussed in 
PvK; Chatterjee. "Absorbency, m Elsevier, Amsterdam. 1985. 
36-37. 



Industry would find great advantage in a water- 
swellable polymer composition which does not agglomerate 
when exposed to a humid environment, that is, which 
comprises more than 90 percent free-flowing polymer 
particles as measured by the test disclosed herein. 
Industry would further find advantage in a new process for 
reducing the aggiomerat ion tendencies of a water absorbent 
polymer composition which comprises employing liquid 
anticaking agents rather than solids such as silica which 
can increase the dust present. Industry would further 
t:no advantage it. said . iquid anticaking agents 
substantially maintain or increase the- surface; tensiali ot 
i contacting liquid ir. equilibrium, with the polymer |* 
- ^rrpus i t ion . ^ 



Accordingly, m. one aspect, th*. subject invention 
provides u c.otrpocitior* compnsinc «* watei -absorbent 
iisntiy. crdsslicked water- *awliUe polymer part icles, 
f jr., effect ive aaoutt cf an- art i calling a gen*- ; and 

pt.ona4.y.ci a hydrophobic or nydxophiiic dedusting 
^lent I h^es-? coTposit . <;a:. corrpiisc r*ore than T = per -rent, 
preferao.y nore :r.ar percent . ror- pretcrcifcly t,o:- than 
°S.pere»nc. and xorr preferably mor* rhan 9> percent non- 
!T pa***o.#r measured by the test disclosed 




^another as$**cv. invention also provides a 

irking, a., preparing a water -swel labic 
^^?<Wl oy <* <1** : P^Lyner^ i^ticn> process b) drying and 
siring the thus preparec hydrogel t^ ootam a ror.pos:tion 
coaprisriwgi dried and sized part icier:: and c contacting 
^»xon^i*uioa vcrh ar. effective amount of an anticaking 
agent. 
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Quaternary ammonium sales have been used in 
conjunction with absorbent gels as a lubricant in. for 
•xmgf+- m ~V.Sr. Patent 4.997.714, but heretofore have not 
been- employed as anti -caking agents. 

As used herein, the term 'substantially maintain 
or increase the surface tension- means that when an 
aqueous fluid is in equilibrium with another fluid and the 
attrition-resistant, water-swellable polymers treated with 
* hydrophobic dedusting agent of the present invention, 
the surface tension of the aqueous fluid; as measured by a 
surface tension test disclosed hereinafter, is decreased 
by less than about 10 percent, preferably less than about 
S percent, when compared to water-swellable polymers that 
are not contacted with a hydrophobic dedusting agent. 
MziTty^ specifically, tnc aqueous fluid employed in the 
surface tensiorv tert disclosed herein iz a 0.* percent | 
f^aClr sioLut lotr and the other fluid is air. 



As used herein *,ne term ~ ur.arcoc .ated dust " 
reans-th* measurable portion of a warer absoroent polymer 
■partirir- composition- havma a maximurr diameter Lesr than 

t c-juui "to- mi-crens vftirt portion in rendered airborne 
wner. air«- is applied tcr- t ne conpor : • i or. More 
sp^fc.f xctfliy; the- air u *appt xedf'and th* portion is 
^a^ured jsiAo * oalsed-^et dispors^r described below 

iU&s hereia. tm? tern •pnycical coaling" 

footing or tne aa?icakmcr agent and the 

i if present) ;n c<ntarr with- the polymer 
lust 'if present i . ir. not chemically reached 
Fr. fot «xaaj?le ao covaler.t surface 
Reaction occurs between thi* ant leaking or 
rie&ist mg a^fent and tne polysrer particles or dust. 

^ . . . used h*r<*ir.,. tne tenr *aiip*wtic hydrocaroor. ~ 

^ ii^- ludes straight.- or or ancnedr chain alfcyl „ alkenyl, and 

dlkyr.yl ar-^ups whicr. may nave lir.<aae- each as silicon 
xs 3; » :r rxyacr. ■ within *.h«r chain Th« aliphatic 
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hydrocarbons may be unsubstituted or substituted with 
inert substituents . 

As used herein, the term *aryl group" includes 

>' . , 

^naer.sed aromatic rings such as phenyl, naphthyl, 
phenanthryl, and anthracenyl which are unsubstituted or 
substituted with inert substituents . 

As used herein, the t6rm "inert substituent • 
means a substituent which is inert, that is, non- react lve 
to its environment The environment to which the 
substituent is inert includes the water-absorbent polymer 
particles and the aqueous liquid in which it is to be 
cfios^"; ved or dispersed. Included among inert substituents 
ar*. for example, halogen groups such as iluoro, chioro. 
c'm.l bromo. hydroxy groups, and alkoxy groups. 

I s * Th* water~swe-;iable r or Tightly crosslinkedf 

KyvSrophi-l-cc- polyners that a r«r employable in. the present 
«nvwac^ can- be afr>~ of the' Rndti^iiydrophi 1 ic polymers 
*t. i rti capable trt absorbing- large quant ititss of fluids. 

* • I:* particular, wa* or : dbscrb«r.r polymers usef ul in this 

> :nvvn:ioii-«f* water - abc or ben: polymers which contain 

^.rarfc>oryi rtnietits : ^referabr^*. " at least 3.01 equivalent 
:j .- *ct-j urrojtyt group- Wer*? "preront per 105 irarrs of the 
~ *• -r *aosorbenr- renin 

— - - Amoil0 -pt*eierr^<i carboxy* -containing water 
rlymerc ar^ rrycrorYzares of ntarch- 

ar%tf^ copolymtffcs. parcially neutralized 
tar rn- arryl ic* dfl?id r tf*r starch-polyvinyl 
-<r#c>i^rmers . saponrT ica t ion products of vinyl 
r~c -sre^r ^*^rolyxers. tie r'rvaif iVes of 
^^q^-^ copoVyn^TO tft* iscfc-ity.en^ aTV±3ialeic anhydride. 

xri r ffjrdro lyases <st *cry Tor.it ri-T*^ copolymers . crosslinked 
' j ' : px©<±jc^s? ^rf hydro! y rate- of acrylonitnle copolymers. 

crossl lnfe«d'£arDoxy-me*nyl" ceil -lose, hydro lyzates of 
_,aciryta»*de copolymers . -rosi linked products of 
" fcytiroiyzates ^f acrylaride copolymers, partially 
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neutralised products of polyacrylic acids and crosslinked 
products of parcially neutralized polyacrylic acids. 

Examples of some suitable polymers and 
processes, including gel polymerization processes, for 
preparing them are disclosed in U.S. Patents 3 ,997 , 484; 
3.926,891.-3,935.099; 4.090.013; 4.093.776; 4,340.706; 
4.446.261; 4.683,274; 4,459.396; 4.708.997; 4 , 076 . 66 3 ; and 
4.190.562. Such hydrophilic polymers can be prepared from 
water-soluble a. Q-ethyienicaily unsaturated monomers such 
as rronocarboxylic acids, polycarboxyl ic acids, acryianide 
and their derivatives. Suitable a.Q-ethyler.ically 
unsaturated monomers include, for example, acrylic acid, 
methacrylic acid, crotonic acid, isocrotonic acid and 
alkali metal' salts and ammonium salts thereot; itacoruc 
acid. Hcrylamide mcthacryiamide and 2-acrylanidf>-2- 
xcthyi I propane suitonic acict and its salts me \ 
preferred, monomers include acrylic acid and methac^yl^e 
aria ana. tiiear respective s*lx tofogt such as alkali metal 
- r ancioniun sa Its.. The water - soluble monomers- useful in 
present^rventioa may oe u*ed in dnouno ranging from 
perrer.: : ta §0 percent oy weigfct based on the total 
w*.iant , t the aqueous monomer solution Preferably, the 
amouot. rtngeu iron percent to *Q pecrenx based on :ne 
rot.*! wvignt of the aq^i^ou* xonontc solution 

.... 5 „OptiocaLLy. ainc( aaoi:n&9~0: oth*-: writer - 

yxrated monomers. : &u<;h as at*y. extern of 

ior example, methyl ac«y*ot« or methyl 
J*a^ be present i n trte water absorbent 

ton. :eu«u feraftin? polymers, such as. 
iy**^ay* e.cohoK. »tarch and water soluble 
o^fSwltali^* cellulose ethers may be e*f>*oyea to prepare 
prooucts having, super ; or properties. Such grafting 
^pclymer.^ wnerv employed, are used if. ar.ount^ up to aoout 
10 weight percent b*s«d otv the a, lt<-ethylenic<*l ly 
~ns*tarated aor.oner . Further, -it My be advantageous to 
include a ch*X*tina agent to reoove trace meca..r fr^m 
solution tor example, when a metal react io:: v«:sei is 
orployei Ore ;u:.n chelating agent VER J V 
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(Trademark of The Dov* Chemical Company) an aqueous 
solution of the pentasodium salt of diethylenetrianine 
j>esffcaacetic acid. Such chelating agents, when employed, 
•re generally used in amounts between 100 and 2000 ppm 
based on the a. 6-ethylenically unsaturated monomer. 

It is desirable to obtain a level of. conversion 
of monomer to polymer of at least about 95 percent. The 
polymerization may be carried out using acid monomers that, 
are not neutralized or that have been neutralized or 
partially neutralized prior to the polymerization. 
Neutralization is conveniently achieved by contacting the 
aqueous monomer with an amount of basic material 
sufficient to neutralize between 20 and 9t percent of the 
acid groups present ir. tne acid monomers. Preferably, the 
amount oi basi: material will be sufficient t<> neutralize 
between 40 per-or.t and RS percent^ asd most preferab^ 
bo r. ween percent and J\ percept ol rhe acid cuoyps ± 
present ir. tne acid acnoioecs. Wten pce-neutral i^trxz the 
rrunrm--: :z . on it ir. impor tanc-fto controi tn* 

i: m m i r<*t : >n -onditions tnat t n- :i*ar z>i 
n*-trni ;:^on te-' n»f cws^ th** preratur. pvlynerizatior 
c .f-^hv- fffcsnov«~ r i*tu«T • * The h^xtriri i zirt i or ir 
udyant atgftsou^iy carrr^d oit at : tertperd*-jf %: K * .; : c. 
preter«bi^at: t^?per^iur«s be~ow **-c 

- -..l*' : ' il *^ >u, ? d v *nirh ar£-.as<fcyt to c-s'.iraliz- 

aciJ gro^^a ot the monomer 4;#|.tyiiicdLy thos«? whim will 
.neutralize the acid groups without having n 
sffect on the po i YQe'-zat^or. process. Such 
:iude al<ali a^etal hydroxides . and arlKali 
ites and bic^rqoxiau^^. .Preferably-- th* 
v, i*i»d zj neutral izf.^the. monomer is <* sodiun or 
potass iu» hydroxide or caroonate...... In determining tne 

desired degree ot neutralisation, care must be ta<en to 
ensure that tne pH ot Xhe resulting cross linked aosorbent 
polyner. which will be contacted with, or dispersed in an 
aqueous f ij;d t: be absorbed, is maintained m a ranaf 
appropriar.e :cr tr.tr applications for which, tne polymer i:; 
intended. Alternatively, the polymerization may tv- 




carried out employing urmeutralized monomers and 
therearftei* neutralizing, as isJcnown in the art. 

Conveniently, a conventional vinyl addition 
polymerization initiator is used in the polymerization of 
the water-solubie monomers and the crossiinking agent.. A 
free radical polymerization initiator which is 
sufficiently soluble in the monomer solution to initiate 
polymerization is preferred. For example, water soluble 
persulfates such as potassium persulf ate, . ammonium 
persulfat*. sodiurr. persuiface. and other alkali-metai 
persulfates. hydrogen peroxide and water soluble azo- 
coirpounds such as 2.2'.azobis (2-amidinopropane.HCl j may 
be used. Sone of these initiators, such as hydrogen 
peroxide, can be combined with reducing substances such ac 
su.fitcs or amines to fonr <nown redox initiator systems. 
The total amount of initiators used may range from^.aj to 
l.l weicxnt percent, preferably (T02 to 0 . 5 weighs; perclnt . 
bas«a on the total weight ot j.O eAj&emcaily r.cauraied 
monomer reactant? 

The water -absorbent resin w* preferably r*- 

-iir.tly cross Un*ed to- render i^t- water - insoluble and 
wjter -sw*fllaoi^- The des ir-ed- cros linked structuze x.jy do 
i;ncd oy the cepu I >tc«ku iaCJroe ct the $e leered water - 
iti*- monomer <*r.d a cr -»r.s I ink: na nacr.t passes:; inc <i* 
.*a::f t*o po. yrwr izabl- aou*.:* bends in the nv_ . — ;.ar 
unt^^K^*<ross! ir.kirr; agenr \z present in a:: ar.v.n- 
frosslmK the water* soluble poiyner The 
|nr cf crosr I inking agent is detc*rm::.od by 

yreie of ifcsorptieS capacity and me Jej.rcd 
itafn fn* absorbed fluid, that m." the 
a#sir«d absorption under load <AUL> Typically. :hi- 
croWvinKmcr agent is \jsed :n amounts ranging from _ ;oC5 
tn r parti by weight per 1^0" parts by weight o: j.li- 
othy^emcally unsaturated nonomer usee. More pr^t-rrabiy. 
tn* amount rantxes froir 7 : to 1 part by weight per IjZ 
parts by weight cf :he a. tt-ethylemcally ' unsaturated 
n^n^iner Usually :t an amount over aoout o part- by 
weight of cross 1 ir.xmg aaent per 10C parte 13 used, tne 
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resulting polymer has coo higli a crosslinking density and " 
exhibits a reduced absorption capacity and increased 
stxongch to retain the absorbed fluid. If the 
crosslinking agent is used in an amount less than about 
C.0005 part by weight per 100 parts, the polymer usually 
has too low a crosslinking density, and when contacted 
with the fluid to be absorbed becomes sticky and exhibits 
a lower initial absorption rate. 

While the crosslinking agent will typically be 
soluble in the aqueous solution of the -a; tt-ethylenical ly 
unsaturated monomer, the crosslinking agent may be merely 
dispersible in such a solution, without negative 
implications, The us* o£ such dispersing agents is 
duc-uscd in U.j. ^:cn: 4.833,222. Suitable dispersing 
.iaents include /.urooxynethy 1 cellulose suspending aids, 
netnyl ccllj'.os-. nydroxypropyi cellulose, and polyvinyl 
aiconol Sucr. dirpcrsing agents are typically provid^i az 
d ;or.f«rau*a. betwwn 0.005 an^pjD.l weight percent . 
^ b*s*d o»..the rot a I weight of a.B-^tnylenically unsaturated 
rncaomci re*ctantc 



w Typical rrosslinkxng agenrf. include* monorrver. 
:i.iv;r.^ir. on<? noi**ruk- 1 io 4. groups selected t ran 
J;t -CM^r^ TH V - ;"H >C0- and CK -CH CH . r.xempictry 
cr^r '.inur^rM^n'j are dic^ylater- anu dimeihucry iuto^ : 
•r.r.yicng^ J4j jrjc>_ . <U ethylene. gjyco. ... tr.i*tny.en* aiyce . . 
^ z ^P)uSB£^9h'T'' 1 . 1 . -Outanedio". . 1. b -pentanediol . 1 . ♦ 
;tV|X*r.ryl glycol . t; imethyloipropane and 
. . rr;acr>'iates^od,t5imcthacffylate5 of 
|opa:i* anJ per. taeryxhri to 1 r Highly e:ho;cy uted 
jropa.-.* macrylaiC; .et: acrylat* and 
icrylac*r of pentaorythrito. . and 
. t«traai;y*oxyctr.ar.* noted in. WQ *j 05C80. putli-jned 

on March IP. !99 ■ « a erca:n cross 1 ir.kir.q aaer.tr yieic 
pasticuiArly preferred absorprivtf properties Such 
prelected crosslinking agents include 

jBathylene.bWdCrylaniat. bis racrylanvvdo > acetic acid and itz 
iai':. ^liyl / ,.ne il i yi nethacry late, and eciers or 
an;des nrtvmcfc Q—.h vinyl and an allyl f unct ionai : zy 
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Other particularly preferred crosslinking agents and 
methods include those disclosed in WO 94/20547. published 
oa September 15. 1994. Such preferred crosslinking agents 
include mixtures of polyvinyl compounds such as, for 
example, highly ethoxylated trimethylolpropane triacrylate 
and allyl methacylate. and polyglycols such as, for 
example, polyethylene glycol. 

In a preferred embodiment for making polymers 
useful in the practice of this invention, an aqueous 
solution of the a.K-ethylenically unsaturated monomer in 
the partially neutralized for*, the crosslinking agent, 
the initiator and a grafting polymer substrate, if 
desired, is prepared The polymerisation of the mixture 
nay be carried out by methods well known to those skilled 
:n the ar:. The re-u leant polymer is typically pre- sized 
ana dried ustnc near: wel : known in the art. v 

- T ' inpr^v~ absorptive properties^ the- dried 
^art it le. nuy- b* heat- treated in accordance with the 
z-t .:*dur.: set :vrtr. in wo 9 j 050*0. published on March 
1- md-or wr> ?± j:54~ published on September lb. 

17*; Ir. ' partVtfu-ljr' th#» dried particles are hea tea for a 
tim«? sufficient t-» increase tn#- modulus, centrifuge 
■'Jp^f-y anucr rhr ^Dr^rbenry unae: load. Ar. oxidirmq 
rfcjertt aurft as; a tronate. rttorat-. chlorite, or mixture 
thereof 5 m*ty b- um rrrraly ^'-."t rib-ted witmn the water 

^fclymer pr;ir to -v-.rh hen- treatment t«.. ennar.ct- 
the preceding properties Such heat 
tre-fef ably" carried out at "c temperature ot at 

pre fe rani/ of at least 130*C. and most 
4t lea-r I9C C C Such heat treatment is 
^carrier! o-*r *t a temperature of less than 
r ~ mor^ pret^raa.y lesr than r40°C. * 




Trur t im^ pex lod :or heat treatment should be 
:;uf f ;cicr/. to-*f;lec- an unprovement :n absorptive 
prcpei t Ta» ex«Kt tiTc- '#r hear treatment requirea 



Dv teeter D* 



;ju:pnent rr.osen . and car. be 



ioterrr m«u ^npi r ;c<il;y r,- -rami nation ot product 
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properties. Preferably, the time is at least 3 mir.utes, 
and jaore preferably at least 5 minutes. If the time is 
tod i<^ng, the process becomes, uneconomical and a risk is 
rttfi that the absorbent resin may- be damaged . Preferably, 
.^r maximum time of heating is 150 minutes or less, more 
preferably 60 minutes or less. 



The metnoci of heat treatment is not critical. 
For example, forced air ovens, fiuidized bed heaters and 
heated screw conveyors may be successfully employed. If 
desired, the heated polymer may be remoiszurized for ease 
in handling. While such remoisturizat ion may serve to 
decrease the amount unassociated dust, it x.ay lead to 
clumping of the polyxer product 

Another way tc lrprove absorptive properties of 
polymer parti'-Ier x^y be to surface crosslink thJ| 
tvlymer particles ' rro-*dures for surface crosslinklng 
arv well >nowri in zh~ art and de^crioed in. tor- eJfeunple. 
rr 41445-TH. 6t: -\L2'. m *- EP 6C5I5G/*dnd U.f ' Patent? 
A ~ 7 4."4"A and 4.*i>» . *-:> These procedure.^. \ \'xt- heat 
* : Tr.T«»r.r Buy/ ;r.cr*a." the xodulu:,. centrifuge capacity. 
\r. ] - r the aouorr^nry under load ot tht* p* lymor parti. ; l-m . 

Thw dr'i^rr* drrttf optSbrtbiiV* hear - 1 re<irod or 

r-..-naI.y ;urra.*tr ~r .-j-. ir.iced rx lyrn^r pari ic ^es a rv thcri 
- T.rar'rV.i vi'f- an *-rt--T;v* amount or ar. ant i :j>i nn aa*?nr 

polymer particler. not m th* 



have less than iC. prererablv .er. 



cr i t :Ca r Tha* * 

ri". * ha' . ; 

fe "pri/le:\*r~. y Less than about 13 weig.it percent 

contarr .nq them with the *ntica<:na agent 
ga/.inj aacr/ . s contactec with polymer 

• * * - . * ** * - ■ - ~ ; • , 

gel l-.-r-i trivn tne ar.tica#cinq agenr . : likely 
coxome with wator anJ oe absorbed fur the: ;nto tne 
'interior of th«r p<ii*yr~r particles it this ocruzi then 
ir.e ar.tica<ir.5 proper*. e.. cf'th- particles aro reduced 
* t^TauSt "the" ar.t i ca'<ir.7 agent in r.^t at in* sjv : dC*? of the 
parti rles 




v 
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rt- fs also critical to this invention that the 
polymer particles not be subjected to temperatures above 

aft€r the Particles are contacted with the 
ai^Saking agent. This is due to the fact that the 
anfcicaking agent may vaporize or degrade at higher 
temperatures. Therefore, if a drying step and/or a heat - 
treatment step is to be undertaken which. will sub;ect the 
particles to tenperatures above 100°C. then the drying 
and/or the heat treatment steps should be accomplished 
before the particles are contacted with. the anticaV.ir.g 
aaent . 



The anticaking agent physically coats the 
polyrrer particles and serves to diminish the adhesion or 
the polymer part. dec to eacn other and machinery or 
vessels with whicr. the po.yner particle? cone into ^ 
contact The polymer particles will not suffer g~ J£ 
i.iqr:if leant decreases m fiowability nor undergo a«^' 5 
citjr.if icar.t cakir.cj upcr. xei-tar* J^rpMcn AttcV 
- : r.tdcr with ar. effective annjnt ot ar.t : ra<ir.a ajer.t at 

pretcrab.y at least ^ r--r- preferably at least 
° r mo -' r P****-Ably ar I^asr perc«n?. or part icier 

should t-v non-cukmg p^.yater parr.'-.* arc-rdir.a : tnv 
t-»rr disclosed, here eiK .t .evi- 'faiwrsa Test - 



Ai Jc t .ned her* ; 
ar. art leaking agent" rv?ar.. 
^ to 



exanp * 



. Lh«- tor:r "ettertiv;- umo •! 
*r. atrount .1 cat 1 or. *' 
- I^r.iutr. pnospr.oniuxr . tr 
lomu*. compose, which, wfcer. applied to the 
; e^ render;- a: ,eas* 7t, preferably at 
preferably at least *>" . .no:i. preferably ar 
In: of th* particles nor. --akiny accordmq z:> 
"the •Caking Test " Althcugn ^hi^ effective amount w:i; 
vary depending upon th~ pc lynver th* ant leaning agen* ar.ci 
tne arwun: ot xo.stur* typical:*/ zt\<- amount iz ut least 
ICO. preferably at leas; SCC. more ^referac .y at „#az- 
100C parts per nillior. o: ant leaking agent oased ;r. the 
weiant of the p^.vt^r particles Typ. rally this arount 
:r a* mj;r -0~"- prcferaoly at mocr 400C. mere prererabiy 
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at mo*t 3000 parts per million of anticaking agent based 
on tho weight of the polymer particles. 

Preferably, the cationic surfactants useful as 
leaking agents are quaternary ammonium salts which are 
represented by the formula I: 




K, N® R»X G 

I 

wherein R t and R. are independently a C l -C u aliphatic 
hydrocarbon, a C\-C, aliphatic hydrocarbon substituted with 
art unsubstrtuted aryl group, a C.-C, aliphatic hydrocarbon 
s -bst; tut ec* with ah aryl group substituted with a C -C 

alipharic hydrocarbon, or a phenyl* gtoup; R 1 s a C -C 

— 1 j» 

alipha tier hydrocarbon or <t phenyl group; and R is a £ -C 
aliphatic hydrocarbon. <* C-C, aliphatic hydrocarbon 5 
substituted with «in unsubsr i cutea iryl . or a C -C 

aliphatic hycrocarbor*. substituted with an aryl group 
-ub::r ituted with a C r aliphatic hycrocaroon. or » is <* 
:a:iira.".. represented by the* formula 11 : 

a C al«ylenft girouR_ R. 4 is a C-C. aliphatic 
r . $ E-*V$n</.i aroup^Jl and. a. are independently 
latir hydrocarbon. ,a C u -C 4 aliphatic 
substituted with, an unsubst ituted aryl group. 
_ ^ ^ T )*iatic hydrocarbon substituted with an aryl 
group^substitutea a C-C. aliphatic hydrocarbon, or a 

phenyl group; or F and P t taken together with the nitrogen 
atom forms a ring selected from the group Consisting of 
pyrrolidine, pyrroline, pyrrole, pyrazole. triarole. 
indole, piperazir.e. piperidine. morpholme. and 
."uftxahydcoajepin*. or P. K . and ?. ( takerr together form a 
ring selected fron the grojp consisting of pyridm:um <inu 




together form a ring selected from the group consiscing of 
pyridiniua and iraidazolinium; and X* is an anion; with cne 
pwviso that if R. is noz the radical represented by 
formula II, then the sum of the carbons in R , R. . R t , and 
R, »usz be at least 15 and if R f is the radical representee 
by formula II, then at ieast one of R ( . R.. r . and R. must 
have 3 or more carbon acorns. 



Id 



A preferred embodiment is the above formula ir. 
which R, is an aliphatic hydrocarbon having at lease 16 
carbon atoms such as hexadecyl. octadecenyl. octadecyl, 
docosanyl. docosenyl. and natural product derivatives such 
as tallow, soy. and rape seed; F is an alkyl group having 
1 to 6 carbons such as methyl, ethyl,. 2-hydroxyethyl . 3- 
hydroxypropyl. 2- <2-hydroxy-echyloxy)ethyl. or 3-(3- 
nydroxypropyloxy* -propyl . and R and R ( are independently 
an alky; ar<?up having I to 6 carbons such a* methyl, | 
e t hy 1 . 2 hydr oxy e t hy 1 . * - hy droxypr opy 1.2(2- -|* 
- hydroxyothy loxy i ethyl or : - ( > - hyfi^jrypropyioxy ■ -propyl 
r ar. altcyl qrcup having I u 4 r Arbor, atoms n-bctiruted 
* • * h a phony^l such u r^r.zy 1 ot pbenethyi aroup 

f*+~ • • * ■ ^ 

Arc- Cher pre: t r : eJ ey&odiment m tn«- ^bove 

r^rrsulj i:. which ? t anJ P <jr> independently an aliphatic 

.t/ :r vicarb* n havina. a:. .ca^V e.ahr rarrx>r. at^tr. :ucr> a. 

■ deryl uo-wy. t rartery. ncxaaery I . -.-r .'idt-jenyl 

•xiadccyl dbfcosanyl. ii^nyl .i nature, product 

•.l**r : va* ivea such a- tnllnw :.^y . ^ir.ci rap*? s*»«vi: :-. a:. 

r rr.^ or.c rv u:x carbon atoms such as mvthyi 

xye t hy T ^ - hy dr oxyp r opy 1 7 "f - ( 2 - 




>xy*ethyl. or 3 ; J-nydroxypropyiaxy » propyl, 
tTkyf grcjp naving 1 € cazb->nr. s^cu as 
^rSyV 1 ' ^rffy"t . * r-tr/dr oxyphyl . ; rv/dr^xypropyl . ::-*2* 
: ^-l^yd^xyer riy 1 oxy f e r hy i or V f ; - hydrbxypropyioxy) -propy. 
or an- a Ikyl ^roup having 1 to -i zarbor. aeon:- subct ; -uied 
with- a phenyl such as ber.zyT or phenethyi group. 



Vei-ajiot.ner pr+rerrec esbodijner.t ;s the aoovo 
tort-lu vncx«fin ► , i*; tftt- radicu. represented hy fcrnulri 
II„ t u or. dl lphirt ic hydrocarbcr. having a: leas: = 
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car boa atoms such as octyl* aecyl, dodecyl, tetradecyl, 
hexadec^Js, octadecenyl, occadecyl. docosanyl, docosenyl. 
P£ rfatural product derivatives such as tallow, soy, and 
rape seed; R. and R % are independently an alkyl group 
5 having one to six carbon atoms such as methyl, ethyl, 

2- hydroxyethyl. 3 -hydroxypropyl. . 2- ( 2 -hydroxy - 
ethyloxy) ethyl, or 3- ( 3-hydroxypropyloxy ) -propyl; R. is a 
C -C v alkylene such as ethylene, propylene, or butyi'ene; 
and R t . R. and R % are independently a C.-C ;; aliphatic 

10 hydrocarbon such as methyl, ethyl, 2-hydroxyethyl, 

3 - hydroxypropyl, 2.- (2-hydroxy-ethyloxyj ethyl , or 3 - ( 3 - 
hycroxypropyloxy) -propyl, octyl. decyl. dodecyl, 
tetradecyl. hexadecyl. octadecenyl. octadecyl, docosanyl, 
docoseny*. or natural product derivatives such as tallow, 
soy. and rap* see<T or alkyl groups having 1 to 4 carbon 
acorns: siiDGtituted^ with a phenyl such as benzyl or 
phenethyl. t 

" : ' „ i". 

^ Preferably. X iz a hal*de such as chloride * (CI*) 

rz j methyi . fate . group i2U;SO*i . 

•° for «ast of contacting the ant.cakxnq agent with 

" : h- polymer part iclei. . it is preferable to utili^o :ne 
anr. rahir.g agent in a liquid torn Because thv quaternary 
t-T-T^-nium salts us-d ur.t.ra^nu aacntj have relatively 
"low melting points the *ir.::cjkin.i aocr.t may simply be 
r.eatecf above ltr molt mc point i • tonr a Liquid whicr. iu 
tncrtjippiie^ to the polyrao: Hcw*»v^r . it heat ;j exploye-J 
ratur^ should not ra.sed aoove the 
rentes boilinq point For this reason. :t may 
Affable to dissolve th- anticaking agent in a 
is <j liquid at room ^enperature. Although 

i,*; "r^^^^fc-.^V**** ^ ddv *^>^9«?^- <; «he solvent which 
• s employed is readily removed from rhe^ polymer parr ;cles . 
for example, oy evaporation^ In th,* manner solvents 
whicn maj£ affect the surfacv tension of -an aqueous fluic 
:n equilibrium with the polymer, can be removed and tne 
surface tension can be substantially maintained or 
.ncr^asec.. T J.set-. solvent* . include such compounds a j 
Adte: . a.coh^l-. ~ -herr> . ketones, and mixtures the?r.?^f. 
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DtUf 'AfeMU 

* particularly preferred embodiment may be to 
utiliz* -the hydrophilic dedusting compounds of WO 94/2294C 
as^^olvent*. By employing hydrophilic compounds of WO 
9«^»40, such as polyether polyols, as solvents, one may 
o&tain an ancicaking compound which also has reduced dust. 
The solvent should be employed in an effective amount to - 
serve as a dedusting agent as defined below. The 
hydrophilic dedusting compound may be employed in amounts 
which do not substantially affect the surface tension of 
ar. aqueous fluid in equilibrium with the polymer and air 
or xn greater amounts if the hydrophilic dedusting 
compound readily evaporates. 



v- 



Another particularly preferred embodiment may oe 
r ■-. utilize hydrophobic compound*- as solvents or as 
c~ - solvents wirn th*. ay drophilic compounds . Hydrophobic 

9 

r-r.pounds disclosed pcl^w serve as dedust mg- agents while 
-ubctant lally maintaining or increasing the surfa^pt 
'-rvr.ion o> an aqucojr f bud tn eqtfl^brium with thrtF* 
r-'l/TRcf and air Exemplary .nycfrophobir compounds ottcn 
:r...jde a.iphatic hydrocarbon oi^s such as mineral oil. 
<\r..l ilkanes rr al*<ener. having . between * and 1? carbon 
uteris optional:-/ substituted wi:.n OH. -CO H ».st#rs 
*ht-:*»o: Natural oilr such as castor . corn, cottonseed. 

•/bear runilower. other vegetable *ind 

ester-, ulconolc. and acidj c f th- 
invention ai; well as 



1 : v~ i apes** J 

ir..ru. Oii^. a? wel. 



ar** useful .r 

icosit les When hydrophobic compounds aro 




.•entir they should b* employed ix: an 

: ;erv* as .a deau^t\ngt aqerjt a:, defined 



If V sfcl verft r »r • n^ 1 ant icaKmg material 12 
*mt?W*ye<P which doe ^ n-' also s#*Ve as * decfcst ir.u agent. 
* *>r if nc* : ^6lvent ir crpmyed. then it Tay b* decir^cle :r. 
-erttwet ^he dried ana optionally heat treated or 
"^pt ionSlI*/" sjrf acr* rr^cc linked particles with an *ttect:v«* 
am^ur.t & of a'dedur* mq aaer.t The contactir.c wirh ' he 
•:•*•>.. s? rtcen p may t>*r employee either before* ^:cer. o: 
r itrultan^nis-ly ar th#» an* leaking agent The* dedustinj 
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agent will serve to adhere the dust- to the larger polymer 
particies^or to the walls ef the mixing vessel or 
container in which the polymer is retained during 
Sidling, which will translate to reduced levels of 
unassociated dust in the finished polymer product at the 
various stages of handling. Moreover, the application of 
the dedusting agent to the polymer samples does not affect 
the performance or properties of the polymer. 

Useful dedusting agents are hydrophilic 
compounds such as chose disclosed in WO 94 '22940, for 
example, polyecher poiyols, aod hydrophobic compounds such 
as aliphatic hydFOoarqoa oil*, such as mineral oil. and 
dlltar.es or. alkenes having* between 7 and 1ft carbon atoms 
-ptionaLLy substituted with> -OH. -CO H or esters thereof. 
Natira. oils *ucn as castor, cant, cottonseed, olive,, 
rapeseec^ soybean, sunflower, other vegetable and animal 
:-il-. as well as ecters. alcohols-, anci acids of the 041s 
are. useful ac well as silicone ogfcs^of similar 
v-.:to:.u«^. Th»- above* compounds ma>y be erpdoyed in 
pur ; Lied. for*, ir. no-l-wt 1 ons . or in cnxtures- 

As defined nereir.. Jihe lets "effective amount of 
.icaustina aaenr - or 'effective amount to serve as a 
deoujtinq aqen* : " (tears dr. amount o: <* material which, when 
cif.^i 10a tc tne polymer materia^, t educe:- the concentration 

: ' inassociat^.; .ijr* having u Samite;; . ; ies^ than 10 
m i£L°i!SJS3L. at ^* dC ' ^ : Preferably *t .leai;: 9C . more 

r ar .eas? ?V and raos;, pzeterabiy by at least 
id or wn:ch proauces dedusteu compositions 
sr tnan preteraoiy, less tnan 5. more 
than - r , ppra unassociated dust having a 
nwaximuflf "diameter los: tnan <~>r equal tw ; microns. This 
aifojr.t will vary based upon the amount of dust initially 
present, the type '-f water -absoroent polymer, and the 
dedusting aqent eTp.oyed. Generally, the amount of 
dedust :.nq ager.t ir at Least IOC. preferably at least 200. 
more" preleraLLy at least 300 ppx based or. the weight of 
r r>* p~iyne: p.»it i«ri; Tn«* amount is Generally, less than 
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4000, preferably less tharr 2000, more preferably less than" 
1CQ0 ppi* based or: the weight of the* polymer particles. 



to 



As mentioned above, if a dedusting agent is to 
be- employed, then the dried, sized, and optionally heat 
treated, or optionally surface crosslinked polymer 
particies^nay be contacted with the dedusting agent either 
before, after or simultaneously as the contact with the 
anticaking agent. Tno dedusting agent rr.ay also be 
employed as a solvent for the ancicaking agent. In any 
event, both the anticaking agent and the dedusting agent 
should be contacted wi:lt the polymer particles under 
conditions such that, th# particles can be easily coated 
with th* agents- Preferably, such contacting will oe 
conducted by spraying the agents onto the polymer or 
ixnersrag: the polymer m the agent followed by some form 
ot wcnanial d^tnbut lor. such t bar adequate f 
ciwstmtrat ron- of the- agents or? the water - abso rbcn*.- wmsijf 
^tr;jc-itfi; occurs- It spray rr.g*. cttf^iftiay bo preferable 
t utilise air Air atoms ;nc no-rl^ anf nix * f:uidizir.g 
a- ;r.t td watc: with trw agents to better ±izz r:bute the 
.1 i-*nt Typically th~ airuur.t wate: :r ies.-- than 5. 
r r -rrvraLTy lesr ->.an 5 raor* prefc-raLly ics.: man \ woiah: 
r« r rvtsed on tfco w» • i c h * 



i: more tnarr 1 preferably toj^ than 
:*-*r ••^r oased on tr.e wvigat "f th- ag-.-r.tr; 
Y.fTrfirH* equipment ;: ; -e:s«-^ .nc lud* ' z irpl" 




mg i; 



. n-- amounr ot 
we i ant 

. jnu 1 ; na c : n 
drurr 



le fclenav: 



t ror.icul uryer. riboon biender. 

Hoderate stirring shaking, or 



fstanc* -ir.veym? in a -crew* -^nveyer car. 

for such aacquatV iu-ribut iuri of the .icjen: 
j - - - r,^ j- : 

^h^- par* :-l*r . part .ca. ally i: the 

pdrr^iclei* arc at* an e.vvateJ temperature. Macerate 

err t nifi^h - ** w i a :> suttico. but in nc: necessary The 

ryp~ rbniart ir.3 em^.* /e-j nay be the same oz different 



po] 



• h»* untica<ir.u agenr and th* aoduLting agent 



>r parr 



Ler are contacted with the ar.ticaking agen: 



ar..i T#*d*, *t\r.n aqor. 



it 



vcr/usmsoss 

The temperature of contacting the agents can be' 
any .temperature at which the agent does not evaporate, 
Modify,, .become too viscous, or significantly react with 
&*. carboxyi moieties of the absorbent resin polymer. 
S§fch temperatures are typically from 20 3 C to 150°C. 
preferably from 20°C to 60°C. It should be noted that - 
elevated temperatures, that is. those above ambient 
temperature, that is. above 25°C, improve the speed of 
coating of the part icles However, if the" temperature 
employed is between 10G*C and I50°C then the time of 
contacting, should not be so long that the aqents degrade. 
Typically, if the temperature remains elevated tor less 
than 5 minutes, preferably less than 3 minuter, no 
siani f i carte degradat ion- will occur. 

The superabsoroenc polymers of this invention 
ar«r usetul in th* manufacture of moisture absorbent } 
articles, such ds dicpo sables drapers, sanitary napkiris, 
•neontioence garments and The superabsorbent 

' ymposi: yon$ or tnxs invention are-par t icu lai .y 'j^^tul ;n 
"l'V "^C-'rr^Cture <>i than and ultra fc.nir -djspgflub.- Jidpers 
Anirh •Jg v « : ^« x c«Ileii,i : gci»tuje absor pence rapanry. t.uid 
u.jtx ;but.iQn prop^rt ie&^anrf h reduced xeakage 

Trie abec r bent art icles oi th'- .nvcr:'.ivr. may 
rjmpris** Ir ^m r'perrer.r ~- percent hy wei-jh* c : the 
cuncraojerbtfn: pol>-n» r: : th~ invent u:* It. ^ "/pical 
J b^rNfer article rhv : -p-eraoscr bent polyne: : :fce 

be dirpors.*:: tr. a fiber matrix i:» which the 
: in present m an anounc trcm V. "70 
it and" th* fiber matrix conpr.3 ir.j to 3 0 
it of the article. In another £erx o: 
article the i.':peraDsorber.t may be pr»-i^r.: in a 
1 r ^^^iruttisnt strucrure m which tne suporaosot r*ont polyrr.er 
i# present lh ar. amour.r -f iO to 95 percent by weiaht . 
Combinations of dispersed superabsoroer.t polymet and 
contained superabsorbent polyr.er are also kr.cwr. 

The superabt ?rbent polymers of thi* invention 
car. bv use<f :r. t he mar.v.f .*:ur»- of absorbent ur* i - i cuch 




TCTivsmksiss 

as those described in U.S. Patents 3,669.103; 3,670,731, 
4.654, 02$r 4,699.823; 4.430,08$; 4.973.325; 4892.598. 
4* 7 £?' 603r 4,500.315; 4.596.567; 4,676,784; 4,938.756; 
4.^.59ar 4:;93S,022; 4.673,402; 5.061.259; 5,147.343; 
5.149.335; and 5.156.902 
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The process used to measure the amount of caking 
at a particular moisture level is called the "Caking 
Test." Utilisation of this test allows one -to determine 
the effectiveness of an • anticaking agent by determining 
the amount of- moisture a sample may absorb and still be 
free- flowing. The test involves placing a desiccator, for 
example... a Cole-Parmer catalog IG-08904-00. into an oven. 
The desiccator, is- maintained at 80 percent humidity by 
placing a straight -sided evaporation dish containing a 
saturated solution cf potassium bromide inside the 
dessicator. The- oven is maintained at 40°C Five-gra^ 
samples ot ear* dried, that is, :ess than 5 percent wa^er 
by weight, ruperaosorbent pciymer tb^be tested ar<- placed 
.r. ,m d.jnmttn toil pan or plastic weigh dish mear.urma t 
-«#fit ;»ererr :r. diameter and ! 5 cr*nt ureter:- ueep Tr.v pan 

removed tt"m tlh*. dessicator after an uirount c: rime 
jurtiri^t tr.r tft# samp tes~t n *rt»acH the dezired .-roirture 
l»-v*l r ? .ost Th»- -ampici «*re •c.ahed to ictciirine 
T'=;-:u:i:**-.1 macj and then uii jw^d r r^o. r -» room 
*- Tu**rat ur«r Whi l*> :* I .ur.t :y acrtr/kt :nq tor example. ry 
•"appinc : h«- ^.iTp*.- : •: . cr«eti*d thr^ucn .i t.V 




Tvi Tor:mi Cicve mi I 1 irreter j » The 

sse; tnro.gh th«f z :ev^ is weighed to 

nass of the n^n - cakir.g polymer, part.cl^r 

th*» partirles whirr, are non-rakar.^ then 

t h^ Jw.l^wmo f f nr.^.a : _ Nun- caking farcer.- 

i 



c&ass of*nr>r racing pwyxci puxtivie; 
The axisture 



130 
th* f 



mc-.istur^zed xass i x 
evel :n percent nay oc determined by 



owir.'j :>rr.uia Unoist-iizvd nas^ weight of 



15 



initial sarrpi*" wcxgnt cf initial sample » J ;: 1D£. 



Tht- "t H us* To :* " that . the process :or 
measuring :hr duo-r/ or -aass^c.ated dur^t navmg a 
J lamer er Ics. *r.ar. a prT^.*?terr.ir.**d j.:*? prefer, t in j 



water-swellable polymer composition, is described below. " 
In the- case of the examples, the measurement process was 
u^ed to determine the amount of unassociated matter having 
* maximum size less than or equal to 10 microns. The 
process is applicable, however, to measure the amount of 
unassociated dust having a diameter less than other - 
predetermined sizes, the predetermined sizes typically 
consistent with either the manufacturer's or the 
purchaser's specifications. The process comprises- 



in 



l« 



(a) 



placing the composition into the saxple 
holder of a puised-jet disperser; 



<bl blasting the composition with air dried by 
passage through dehydration means; and 

ic» determining the weight oi particles. irfeach 
o: a plurality .of. size incr^mencsw t 

Rehydration 'means are stable to reduce ""the 
^. ;n- :< wu-er present in the air to be' jsed- r • bias: the 
f . ysi« • r composition.. _ Soitalxle. oehydrat ion xean* mciude 
r-.le-ul«r sicv.. c«t;;jjg«. dedicating material.- ar.d 
P.*R©rane» An especially preferred dehydration means is <, 
H'-s.es-.uujir: ~i eve- cart ridge • 

.Tne dus- level* of. the coated , cample may b» 
ne.imred.ar fy 1 ; owr. Approximate-.!* Q.3:..to 0 j aram.-. ot 
yj-gSStPfli 0 5* :e3 *-« d « placed in the sampie holder o: 
disperser. for example,, an ASROCICE?" 

Amherst Process Instruments, madley. 
I'.t • * h * f.'- ii «« d -\t: disperser 4» fitr.ed w.:h rt 
x ; e«er. tc pr.eyent particles greater ».har. 
„* d V«««-.or from entering, thv detector The- Ji: 
. 3 ?i. l . v «*** Pulsed- jc: disperser- is filtered using 

rw f *«°~' «upF.liec fi.tcr and is dried- ueing « popular 
-lev* cartridge The samples are blasted with the dried 

with the exhaust stream being directed- to the 
aetcctor and ana.ysed ur.t.l the instantaneous cour.t rate 
uwray:: ies^T.^n partic.es per second or. the ,ow 
j-r.rxr r.-.ry' rott mi of th* detector 
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Measurements are* made or. separate portions of 
the samples and are averaged- For each portion, a 
determination is made of the total number of particles in 
e«rS of 500 size increments evenly distributed 
logarithmically fro* 0.2 to 200 microns, the instrument 
exhibiting an approximate lower level of detection of -0.5 
microns. The weight of material in each of these size 
increments is calculated using the following equation: 

weight - unumber of particles ir. an 
increment ) 'density) (KHparticie diameter > */6 . 

For sodium poiyacrylate superabsorbent 
materials, the der.siry ;s assumed to-be 1.60 g'cm . 

Tn* .laareoar" weight o: unassociated material 
les?r than 1 * n i rz inr designated weighty This weight 
i- coir pa reef r** tnr -frgtrt oi sample originally introdi.ea 
into thv disperse: rha: is weighty. The percent dtttt 

il- der ermined .r. t i.-.»- r jane*, wit:: tol low; r.u equation: 

- Weiah* p*rr~«»nr oust im' • 
;-%r - t • : - : t : A 

Tn%» *.vj:td.-« Tfis^ioCr Test.; ~ utilises a Du Uouy 
\* n*. .^m*-«?: t- r •■r.a.TOi- u ...scor ?#nsiometor KIJ^ 
: :o(t Kruss^ Th- ^rep,i! atlcr. ; ♦ in aqueou; fiuiu to 
rtv.tiiv.FvcK- .n -q-.;rr:iin v;th tno absorbent po*yner ar.ci 
tvn -lit-rjnt i*l 1/ adaprea iron U . Z Hater.: 
0P?A--r* e/tr«ir£f 'of each ;f th* above 
... Phar ;r T fh*>ontr->; (untrcateci 
*r.u ifte -rfbscfrbent polymer treated with 
hrr "Trnj agcrtrs. : tr 'sHaRen with 2 0C grams ot 
^WWfct- frerr^f?^ f;aCl r solut icrv^t*-* simulate * i:n:i c 
«•* — - £c4*t*ot: - T** s\irrur.- tersc'forf 11: then r.easured witn the 
^ . - ter>sioih*tet 




« t«-r- - inducted t examine tne non-caking 
rTw ; ;*r* 1 i:: perrent . ana. due** i nessr or 
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water-swel Jable polymers and the surface tension of a 
liquid- Ip^gpntact with said polymers . . 

4 ft water- swellable polymer was obtained which had 
$een dried to about 5* percent moisture. The polymer was 
DRYTECH m 2035 superabsorbenc (available front The Dow 
Chemical Company) . a heat-treated, 62 percent neutralized 
polyacrylate. A predetermined amount of anticaking agent, 
as shown in Table I. dissolved in isopropyl alcohol except 
where indicated, was added dropwise to samples of the 
..2pJ^^lLA5wJ15 The-coated part icles were then rolled 
: for 60 minutes to distribute the agent on the particle 

.surracesrj -The noa-cakin^percenc and moisture level (in 
1 percent r chirrngrttle Cakina Test were measured as described 
1 i0 [Caking Tesj^ ^*bove^ .^oun^.g^.4us.t below 10 

, rricrons ups measured as described in .the Dust Test above. 
' curlace tension* waa me4 stared as described^ i«> -the t 
■: ^rfac* T)^«fi^?est^bpv€E.; " : Tl» *e«*lts with respfectt'to 
I .^e- 3et ^orth *n Tab lA-^ Table ta _dasc r i bes 

•M»- sutff .if tones used <*r ancicakir.g agens:: exemplified in 
■ :^t.f 2 Aa^UAIT and ^H^OC^D* arc • .tradfparjtse at Akro 




umko 



I j » f M 

rmrr 



i 



Oic .v ! i 



• At i ' 



rill fj 111; ?i : 

> \ > \ >.} t > > ; ; 4 



i = I ' 



: 1 - ! > » 




^ o 
O « c 

~ 2 I. 

3 C O 

I* 



a. 



g if 
2 a 




§ 



r>4 




8 



I 



I 



a 



ill 



IM 



i. 



IN 



to 



to 



in 



o 
d 



o 



o 

to 



o 

00 

d 



en 



s 
8 



;2> ~ 



s 



a 



c 
< 

O 



o 
< 

O 



< 

a 




-25- 



• " i-.V.V 




TABLE IA 

DESCRIPTION OF QUATERNARY SURFACTANTS 





PRODUCT NAME 


lummuim NAME Or QUATERNARY 
SURFACTANT 


(1) 


Arquad- 2C-75 


Di(cocoalkyl)dimethvl auaternarv 
ammonium chloride 


(2) 


Ethoquad*T/l2-7S - - 


TaHowaMcylmethyl di<2-hydroxyethyl) 
ammonium chloride 




cinoquao v//i £ 


Oley!methytdt(2-hydroxyethyl) ammonium 
chloride 


(4) 


Arquad" 12-23 


Dodecyltrimethyl ammonium chloride 




Arquad looo 


Hexadecyltrimethyl ammonium chloride 


(6) 


Arquad" H-50 


Octadecyft^inrtethyl ammonium chloride 


(7) 


Arquad" S*5& 


SoyaaJk/ttrtmath*! ammonium chloride 


(8) 


Ktmamint ** 0*29£J-C 


•If Lirvferiflitfihtat AfntnAniumf HlA^iWav- 

mmfnmm Ullffal 1 jp Wim MIIWI ft WVS*VW«*VV HIV* 


fQl 
i~i 




i/oaecyiirinieinyi ammonium cruortoe 


(10) 


Arquad- T-27W 


Tallowalkyttrimethyl Ammonium chtoride 


(If) 


Arquad" 2»ff{^j 


jftfh^rogitet^ri^^ 
4uatttnary ftAmohrafn chwidrr 


(12) 


Arquad" MT18-WS} 


3-Eth^hexy(hydroQenat<dt4llo^rtrimethyl 
JmmohiummefthyJsuKatc ' 


(1J> 




quacf^nary ^mmo^iurrv chloride 


(14) 


Kemamtn*"" Q-2802-C 


OtbehenyldtnethyJ ammonium chloride 




i - i ~ • 



> 
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flXr- A test was conducted to examine the r.on-caking 

percent, moisture level in percent, and dustiness of 
water -swellable polymers and the surface tension of a 
liquid in contact with said polymers. 

A water -swellable polymer was obtained which had 
been dried to abouc 5 percent moisture. The polymer was 
DRYTECH"' 203 5 superabsorbent (available from The Dow 
Cnemical, Company k. a heat-treated, 62 percent neutralized 
polyacryfi*ce- The^ polymer was heated to 50°C in a 3 liter 
twin shaftn counter- rotating, barch paddle blender. 
Agitation was started and a predetermined amount of 
antica:<in? agent and/or deducting agent, as shown in Table 
TI. the aneieakmq agent beina dissolved in the deducting 
riaent except where inciuaced.; was sprayed on the polymer 
'-ing air atomizing naisle. ^ i t a t_; qn - wsa s continued 
until tbe* rftixture w^s non -cohesive? troc£2- to is minutes. 
Tho non^qAKiug^perceat^ and. mou.se o*e^ level -in percent is 
measure^ |s dlscrioti ir. trfc STdkui^ Te»£ aoove The 



aroun: 
ir. -he 




^2 **^T^?j ^3 ^eairured a; describe 
vfc£Jf Tfc* surfaqp tervcion w.i^ measure 
a;- aeoCfji< |e4 -, In; tfre^ 3ur tdtf Ttenp Tes t 
r^::u::.e?iw|t^ respect t teach ^uirod %A wa~ 

ucts Kenaaune^ Vorani*. represent 

BOlyethe? ^5j^iiabl<r from The Jow 



bed 

od 

t ab evv The 

" tcrth ir. TabU*- 
a.thine^ v*" f 2-' . 




use • represent -j rofnera. oil 
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The anticaking absorbent polymers of the 
examples exhibit centrifuge capacities and absorbences 
under load- (AUL) similar to untreated absorbent polymers. 
Ir; view of the description and examples, other embodiments 
will be readily ascertained by one having skill in the 
art. Accordingly, the scope of the invention shall be - 
limited oniy by the claims set forth below. 



* - 
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CLAIUS : 



^ 1. A non-dusty, anti-caking composition 

comprising: 

a) water-absorbent lightly crosslinked water- 
insoluble polymer particles; 

b) an effective amount of an anticakir.g .agent ; 
and 

c) from 100 pprr to 600C ppm based on the weight 
of the polymer particles of a hydrophobic 
dedustxng agent. 

2. A non-dusty, anti-caking composition romprising: 

a) water -abco men t lightly crosclir.ked water* 
insoluble polymer particles. " *- 

o) dn effective amount of am ant icuK.rui agent; 
and 

c* from 100 ppr to 3000 ppcr base*.: or. weight 
ot the polywer particles o! u r.yrtrophi 1 ic 
deducting aaent 

i. Th~ coxpez ir ion of Claims 1 ot A :i-?roin th** 
.int.ca>aw wn: 1: represented by the tornuur* I 



wherein £ and F, ar*- .n dependent ly a C -C aliphatic 
hydrocarbon, a C ai:phat;c hydrocarbon substituted with 
an unsubst ituted aryi ir^up. a C -C # alipnatic hydrocarbon 
substituted with dn aryl group substituted wi::i u C.-C 
uliphatir hydrocarbon, o: a phenyl group; ? :r a C -C. 
aliphatic hydrocarDon r.r ;l phenyl group; and F . j a C -C 
aliphatic nydror^ro^n. .* • C aliphatic hycror-irbon 




substituted with an unsubst^^ted aryl, or a C,-C 
aliphatic hydrocarbon substituted with an aryi group 
|^£ ticuCed " izh a c r c » aliphatic hydrocarbon, or 
fadical represented by the formula II: 



R is a 



— R N «— R. x® 



(II) 



wherein R. is a C ; -C. alkylene group; R, is a c.-C, aliphatic 
hydrocarbon or a phenyl group; R. and R. are independently 
a C : -C aliphatic hydrocarbon, a C-C, aliphatic 
hydrocarbon substituted with ar. unsubstituted aryl group. 
a C C, a liph*ti?. hydrocarbon substituted with an aryl 
group substitute with „ TjC aliphatic hydrocarbon, or a 
pheny: group: -r h and R, taken together with thf nitrogen 
a cor. forms a r:ng selected from the group consisting \>i 
pyrrolidine, pyrroline. pyrrole, pyrasolw. --r.aroie. t 
.;nd.-U. p^ecazine. p;per jdi : n^. e m$«»hcrl in- and 
hexjny^rva^epine^, or U.. R. ar.d Retaken together tor* a 
rir.e s-r.cttca :rsR tn* grou^ cens i=r. in 5 ct pyris.r.iuir and 
laidasafcaiiu* and X # :s art ah*on." With tn«- provi-., tha: 
tt- ft: .-is hoc rn» radifcrarr represented oy rem la r: then 
t.-.tr sum o! rrw rarbort*- in- r. ». K V and. murr 6- at 

J*. " nd *• ir " nc radical rcpiesented sy —rnuia 
IT '.'hen* a* leac ; -n- <rt P . V . f' and H nu=- r.av* - ~: 



Tn« composition o; any of the preceding 
r. t.nc art leaking agent .5 dinydroaenated 
yt amoervt chto*:de. 

Tno rcmpor.ttion of any of the prcc-'i.ng 
:1a lots wnercir. tne composition comprises: 

. b . - 

.:- :u water- absorbent .lqhtly cross! inkee water- 

z--r : 1 insoluble polyaer particles. 




it 
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b)from- 6<T pprr to- 15ff ppm, based on the weight of 
the polymer particles, of dihydrogenated 
tallow dimethyl ammonium chloride; and 

.** * 

Ofroir 400 ppn to 600 ppm, based on the weight 
of the polymer particles, of a polyether 
polyol . 

6. An absorbent article prepared from the 
composition of Claims 1 or 2 . 

7. A process comprising: 

a) preparing a water* swellable hydrogel by a 
gel polymer iza t ion process;. 

b) drying and sizing the thus prepared hydrogel 
to obtain a composition comprising dried and 
sized particles; and ^ V 

V 

ct- contacting the comj^sicrar: with an effective 
amount of aft anticakinq agent. 

S The process of" Claim "Kwherem the 
-onposit ion is a«av .tscated betore contacting the 
vompo:; it.ion. with the art ic<**vng- agent . 

9 The process of any cf the preredina ciumr 
wherein the anucar.na represented by tn~ t 'rmuld 



Mr 




I 



I 

wherein R and F. are independently a C - C. aliphatic 
hydrocarbon*, a C-C, aiipnatie hydrocarbon substituted with 
an unsubst ituted ary • group, a C-C t aliphatic hydrocarbon 
suostituted with an aryl group substituted with a C" c 
aliphatic hydrocarbon, or a phenyl qroup; P is a C 
ul.pnat.c hydroraroon cr a pnenyl group; and P is <a r -c 



ecT/usrumss 

aliphatic hydrocarbon, a C t -C 4 aliphatic hydrocarbon 
substituted with an unsubstituted aryl, or a C J -C 4 
Aliphatic hydrocarbon substituted- with an aryl group 
soBstituted with a c.-C,. aliphatic hydrocarbon, or R, is a 
radical represented by the formula II: 



_R N®_R, X * 

wherein R. is a C-C alky lene group; R s is a C-C, aliphatic 
hydrocarbon or <* phenyl group; R, and R # are independently 
* C 4 -C aliphatic hydrocarbon, a C t -C 4 aliphatic 
hydrocarbon suost:tuted with an unsubstituted aryl group, 
a C -C 4 aliphatic hydrocarbon substituted with an aryl 
group substituted with a C.-C.. aliphatic hydrocarbon, or a 
phenyl group, c: ? and R 4 taken together with the nitrogen 
Atcrr. forms a rinu selected from the group consisting of 
r/rr -lidine. pym-l:ne. pyrrole, pprazole. tn^oie. 
indole pipcr,a;:nr. p:peridine. norpholine. and 
hex.inydroa:«p:n«. ^r F . K . and ? t taken t^oether tcrr a 
r:nj ^« leered fro:n the group consisting ^: pyriiimuir. and 
inidaiulinium. and /T 0 is an anion: with the prov i z~< tha: 
.1 h t i.. no- tho r.ijical represented oy rorir.ui a 71 then 
tr.*- r.u.*n cf the -arbor.s m K = . ?. . and F t.u:: b- <\* 
lea** IS and if r ( i. the radical represented r*y :?:tj ;« 
:: tnen at lea;: f\. R. , ?. . and ?. must have * or 
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A nor. -dusty, ant. -caking composition 
cert acting water -absoroen* l.crr.t.y 
rrossl inked water ;nsolub*e polymer particles with ar. 
#ff active amour: o! an ant leaking agent and at leact crv: 



ditrcn 100 ppm to 600C ppn Oased on th<r we.gh: 
of :r.c po'.ynier particles oc <* hydrophobe 
c«a--r.nq agent; and 
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br from 100 ppm to 3"G0O ppm based on the weight 
of the polymer particles of a hydrophilic 
dedusting agent. 
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